
DOC. NO. AL,1 

Appl. No. 09/672,020 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




© Publication number: 



0 477 885 A2 



© EUROPEAN PATENT APPLICATION 

© Application number: 91116303.8 
© Date of filing: 25.09.91 



© int. c\fi: C07K 13/00, C07K 15/06, 
A61K 37/30 



CM 
< 

in 
oo 
oo 

is. 



© Priority: 28.09.90 JP 257490/90 
06.09.91 JP 227232/91 

© Date of publication of application: 
01.04.92 Bulletin 92/14 

© Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT LI LU NL SE 

© Applicant: TAKEDA CHEMICAL INDUSTRIES, 
LTD. 

3-6, Doshomachi 2-chome Chuo-ku 
Osaka 541 (JP) 

© Inventor: Nakagawa, Shizue 
23-709, 6 Nankhonaka 5-chome 
Suminoe-ku, Osaka 559(JP) 



Inventor: Fukuda, Tsunehiko 
10-202, 9 Oharanonishisakaidani-cho 
2-chome 

Nishikyo-ku, Kyoto 610-11(JP) 
Inventor: Kawase, Masahiro 
28-108, Sasabe-daidononishi 
Kawanishi, Hyogo 666(JP) 
Inventor: Yamazaki, Iwao 
9-21, Hibarigaokayamate 1-chome 
Takarazuka, Hyogo 665(JP) 

© Representative: von Kreisler, Alek, 
Dipl.-Chem. et al 

Patentanwalte Von Kreisler-Selting-Werner, 
Deichmannhaus am Hauptbahnhof 
W-5000 Koln 1(DE) 



© Parathyroid hormone derivatives. 

© Disclosed are peptides and salts thereof represented by general formul 

Rj-Val-Ser-Glu-Ile-Gln-Leu-^-His-Asn^-^-Rg- 
His-Leu-Asn-Ser-R 6 -R 7 -Arg-R 8 -Glu-R 9 -Leu-R 10 -R u -R 12 - 
Leu-Gln-Asp-Va 1 -Hi s -Asn-R 13 

wherein R, represents Ser or Aib; R 2 represents Met or a naturally occurring hydrophobic amino acid; R 3 
represents Leu, Ser, Lys or an aromatic amino acid; FU represents Gly or a D-a-amino acid; R 5 represents Lys 
or Leu; Fk represents Met or a naturally occurring hydrophobic amino acid; R 7 represents Glu or a basic amino 
acid; R8 represents Val or basic amino acid; R 9 represents Trp or 2-<1 ,3-dithiolane-2-yl)Trp; R 10 represents Arg 
or His; Rn represents Lys or His; R 12 represents Lys, Gin or Leu; and R 13 represents Phe or Phe-NH 2 ; except 
that simultaneously Ri consists of Ser, R 2 consists of Met, R 3 consists of Leu, R 4 consists of Gly D-Ala or D- 
Pro, Rs consists of Lys, Re consists of Met, R 7 consists of Glu, Rs consists of Val, R 9 consists of Trp R 10 
consists of Arg, R 1 i consists of Lys and Ri 2 consists of Lys. 

The parathyroid hormone (1-34) analogues are useful in hormone therapy. 
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BACKGROUND OF THE INVENTION 

The present invention relates to novel parathyroid hormone peptide derivatives useful in hormone 

^Parathyroid hormone (PTH) is synthesized in the parathyroid, and plays an important role in controlling 
blood calcium concentrations or phosphoric acid ion concentrations by acting on the bone, the kidney -and 
the intestine which are its target organs. PTH is a peptide hormone consisting of 84 amino acids, and the 
biological action thereof can be reproduced by a peptide fragment of an N-terminal (1 through 34 amino 
acid) portion. G. W. Tregear et al., E ndocrinology 93. 1349-1353 (1973). 

The amino acid sequence of the peptide fragment of the N-terminal (1 through 34 amino acid) portion 
of this human type PTH (this peptide fragment is hereinafter abbreviated as human PTH(1-34) or hPTH(1- 
34)) is as follows: 



! 2 3 4 5 6 7 8 9 10 11 12 13 
H-Ser-Val-Ser-Glu-Ile-Gln-Leu-Met-His-Asn-Leu-Gly-Lys- 

14 15 16 17 18 19 20 21 22 23 24 25 26 
His-Leu-Asn-Ser-Met-Glu-Arg-Val-Glu-Trp-Leu-Axg-Lys- 

27 1 28 29 30 31 32 33 34 

Lys-Leu-Gln-Asp-Val-His-Asn-Phe-OH (SEQ ID NO:l) 



From the biological action of PTH, it is expected that the use of PTH as a drug will provide a drug 
useful for various bone diseases and the like. However, the following properties of the pept.de make it 
difficult 

(1) The peptide is easily decomposed by various enzymes within the body; 

(2) The absorption efficiency of the peptide into the body through various routes is very low; and 

(3) The peptide is unstable to various physicochemical conditions such as oxidation. 

In order to solve such problems and to understand the relationship between structure and activity of the 
above hormone, various derivatives have been synthesized for the PTH(1-34) fragment. While such 
syntheses have been conducted for bovine PTH(1-34), few examples are known for the human PTH(1-34). 
For example in one such derivative, when the C-terminus Phe of the human PTH(1-34) is converted to Phe- 
NH 2 an increase in activity is observed (Japanese Patent Unexamined Publication No. 58-96052). This 
increase in activity is believed to be due to inhibition of carboxypeptidase which decomposes the hormone. 
Further, human PTH(1-34) contains two Met residues. A molecule in which these Met residues are 
substituted with Nle residues prevents the hormone from losing its activity due to oxidation (Japanese 
Patent Unexamined Publication No. 61-24598). 



SUMMARY OF THE INVENTION 

In order to solve the above described problems, the inventors substituted one or more amino acid 
residue of human PTH(1-34) by chemical synthesis. The substitutions effect the resulting molecule's 
resistance to various proteases, its two-dimensional structure as well as its reaction in 
hydrophilic/hydrophobic or ionic media. By substituting the amino acid unstable to acidic, basic or oxidation 
conditions with an amino acid stable to these conditions, a molecule which is an object of the present 
invention is synthesized. In addition, clinically effective PTH analogues have been synthesized in accor- 
dance with the present invention. 

Namely, the present invention provides: 

(1) a peptide represented by general formula [I] or a salt thereof: 

R 1 -Val-Ser-Glu-Ile-Gln-Leu-R 2 -His-Asn-R3-R / ,-R5- 
His-Leu-Asn-Ser-R 6 -R 7 -Arg-R 8 -Glu-R9-Leu-R 10 -R u -R 12 - 
Leu-Gln-Asp-Val-His-Asn-R 13 [ 1 1 
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wherein R, represents Ser or Aib; Ft, represents Met or naturally occuring hydrophobic amino acid- R 3 
represents Leu, Ser, Lys or an aromatic amino acid; FU represents Gly or a D-a-amino acid-' R 5 
represents Lys or Leu; FU represents Met or naturally occurring hydrophobic amino acid; R 7 represents 
Glu or a basic amino acid; Rs represents Val or a basic amino acid; R s represents Trp or 2-(1 3- 
d.thiolane-2-yl)Trp; R 10 represents Arg or His; R„ represents Lys or His; R 12 represents Lys Gin 'or 
Leu; and R 13 represents Phe or Phe-NH 2 . However, except that simultaniously R, consists of Ser Ffc 
consists of Met, Ra consists of Leu, R+ consists of Gly, D-Ala or D-Pro, Rs consists of Lys, Ffe consists 
of Met. R, consists of Glu, Rs consists of Val, R 9 consists of Trp, R 10 consists of Arg, R„ consists of 
Lys and Ri 2 consists of Lys (SEQ ID N0:2). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Naturally occurring hydrophobic amino acids of R 2 and Re mean hydrophobic ones among amino acids 
which consist of natural proteins originating from animal, plant or microorganisms, and including Leu, lie 
76 Val, Phe and Trp. Aromatic amino acids of R 3 include Phe, /3-naphthyl Ala, Trp and Tyr. D-a-amino acids of 
may be anv D -°-amino acid, and includes D-Leu, D-lle, D-Nle, D-Val, D-Ser, D-Ser(But) D-Abu D-Thr 
D-Nva. D-Met. D-B-naphthyl-Ala, D-Trp, D-Tyr, D-Lys, D-Lys(Fmoc). D-Phe and D-Asn. Generally,' neutrai 
ammo acids are preferable including D-Ser, D-Leu, D-naphthyl Ala, D-Trp, D-Asn and D-Tyr. Basic amino 
acids of R 7 and Rs include Arg, Lys, Asn and His. The substitution of the above-described groups may be 
at one or more positions and the substitution combination up to three positions is preferable. Accordinqly a 
peptide or a salt thereof of the formula [1] may simultaneously have 10 to 12 amino acids optionally 
selected from a group consisting of Ser for R, , Met for R 2 , Leu for R 3 , Gly for FU, Lys for R 5 . Met for Rs, 
Glu for R 7 , Val for Rs, Trp for R 9 , Arg for R 10 , Lys for R„, Lys for R 12 and Phe for R 13 

Pept.de synthesis in the present invention can be carried out by the use of an automatic peptide 
synthesizer. The method of R. B. Merrifield Advances in Enzymolo gy 32, 221-296 (1969) applies cor- 
respond.ngly to a basic synthesis course. In this method, the amino add of the carboxyl terminus is 
covalently bound to a resin carrier, and elimination of a protective group of an a-amino group and 
condensation of a protected amino acid are repeated in turn to extend a peptide chain to the amino 
terminus, thereby obtaining a protected peptide resin having a desired amino acid sequence. This method 
is based on the above-described principle. The condensation of each amino acid and the elimination of the 
protective groups of the a-amino groups are performed under approximately similar conditions and 
purification of intermediates is not conducted. In synthesizing peptides, therefore, skill of a high order 
generally is not required. Moreover, the peptides are rapidly synthesized by this method, so that this 
method is very convenient to synthesize various peptides. The protected peptide resin thus obtained is 
reacted wrth. for example, anhydrous hydrogen fluoride, trifluoromethanesulfonic acid or trifluoroacetic acid 
in the coexistence of various additives, whereby elimination of the peptide from the resin and removal of all 
protective groups can be achieved in one step. 

The resulting crude peptide can be purified by known means for purifying peptides or proteins 
Examples of such means include column chromatography under various principles such as gel filtration ion 
exchange chromatography using a cation exchange resin or an anion exchange resin, hydrophobic 
chromatography and partition adsorption chromatography, and high performance liquid chromatography 

The peptides of the present invention can be obtained in various salt forms. Examples of the salts 
include salts of inorganic acids, salts of organic acids such as formic acid, acetic acid, tartaric acid and 
citric acid, salts of inorganic bases such as sodium and ammonium, and salts of organic bases such as 
45 tnethylamine, ethylamine and methylamine. 

The hunrian PTH(1-34) derivative peptides represented by general formula [I] of the present invention 
can be used as therapeutic agents for osteoporosis, hypoparathyroidism and hypertension. The forms 
thereof include injections, nasotracheal absorption agents, perrectum absorption agents, transvaginal ab- 
sorption agents, percutaneous absorption agents and eye drops. In some cases, they are orally admin- 
so istered. ' 

When the peptides are used as such therapeutic agents, effective amounts thereof are used to treat 
mammals, especially humans. Although they are generally used within the range of 1 ng to 100 ug/kq of 
weight, precise amounts thereof may be determined by those skilled in the art 

When the peptides are used as the therapeutic agents, they must be carefully purified so as to contain 
55 no bacteria and no pyrogens. 

The peptides, when used as the therapeutic agents for osteoporosis and the like, can be administered 
parenteral^ in the form of the above-described injections, nasotracheal absorption agents, perrectum 
absorption agents, transvaginal absorption agents, percutaneous absorption agents or eye drops, solely or 
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in combination with pharmaceutical* acceptable earners, exc.p.ents or dHuents. In ^ he cas . of the 
injections, it is appropriate that the peptides are given to adults m a dose of 50 ng/kg to 5 mg/k for I to ^3 
Says, and preferably in a dose of 1 to 500 ug/kg for 1 to 3 days. For the .njecfons. .t .s appropriate that the 
concentration of the therapeutic agent is 10 to 100 ug/ml. .,.„„,;„., tho 

5 When nucleotides, amino acids and the like are indicated by abbreviates .n th.s speafcation, the 
abbreviations adopted by the IUPAC-IUB Commission on Biochemical Nomenclature or those commonly 
used nte art are' employed. For example, the following abbreviations are used. When the am,no ac,oV are 
capable of existing as optical isomers, it is understood that the L-forms are represented unless otherw.se 
specified. 
70 Gly or G : Glycine 
Ala or A : Alanine 
Val or V : Valine 
Leu or L : Leucine 
He or I : Isoleucine 
75 Ser or S : Serine 

Thr or T : Threonine 
Cys or C : Cysteine 
Met or M : Methionine 
Glu or E : Glutamic acid 
20 Asp or D : Aspartic acid 
Lys or K : Lysine 
Arg or R : Arginine 
His or H : Histidine 
Phe or F : Phenylalanine 
25 Tyr or Y : Tyrosine 

Trp or W : Tryptophan 
Pro or P : Proline 
Asn or N : Asparagine 
Gin or G : Glutamine 
30 Aib : Aminoisobutyric acid 

Nle : Norleucine 
0-Ala : jS-Alanine 
hPTH : Human PTH 

Fmoc : 9-Fluorenylmethoxycarbonyl 
35 Nva : Norvaline 

Abu • o-Aminobutyril acid 

By the amino acid substitution in the PTH0-34) as described above, the resistance to vanous proteases 
is incased and the persistence of the activity in blood is obtained. This is ^ h ' eved / y -; f °^ m P' e ; 
substituting Aib for the 1st-position of PTH(1-34), and D-a-amino acid for the l2th-pos.t,on of PTH( -34). 
<o The position around the 12-position Gly is considered to have the 0-turn structure. The subsWute o a D- 
«-amino acid for the Gly. particularly of a bulky Diamine acid such as D-Leu. D-Trp or D- Val. contributes 
to the stabilization of this structure, and the peptide chain is prevented from being digested bv r a protease at 
Ms position. Substitution of naturally occurring hydrophobic amino acid for Met at 8th or 18th pos ,t,on of 
PTHO-34) increases resistance to oxidation, and is useful in prevention of reducfon °r el.mmat.on of actvrty 
.5 of the peptide. Further, the affinity of the PTH derivatives for receptors is increased and h.gh , PTH ^ac rvrfy .s 
expressed by the substitution of amino acid residues at other posit,ons. For example, the 11th posit.on of 
PTHO-34) is originally Leu. However, it is more preferrable that the amino acid having an aromat.c cha.n 
such as Phe. is substituted for Leu. Substitution for the 25th. 26th and 27th position ta>c «n.M >a c.d I of 
PTHd-34). especially substitution of Gin or Leu for the 27th Lys; and substitute of 2-(1 .3-d. h.olane-2-yl)- 
Trp for the 23rd Trp bring about high PTH activity expression. It is understood, that the typ.cal examples of 
amino acid substitution are not intended to limit the scope of the invention. 

Example 1 Synthesis and Purification of PTH (1-34) Active Fragment Analogues 

The peptides were synthesized in accordance with a modified method of the solid phase peptide 
synthesis developed by R. B. Merrifie.d. R. B. Merrifield. Adv. Enzymol. 32. 221-296 (1969). and an 
automatic peptide synthesizer 430A (Applied Biosystems) was used. Protected pept.de-res.ns were syn- 
"hesSd Ssing protocols specified by Applied Biosystems. Protected amino ac.d-p-oxymethy.- 
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phenylacetoamidomethyl resins (polystyrene-1 % divinylbenzene) are used as starting materials when 

Zl^Z fr f ec f rb0 ^" c ac , ids as carb °xy' termini are desired, and 4-methylbenzhydry. resins are 

rnnl Jh th" 9 , T a , na '° 9UeS 0f carbox V ,amide s desired, and protected amino acids were 

b t \ 7 TTSk ° rder 10 Pr ° teCt an °- amin0 9r0up of each amino acid on condensation. 

Jnn K ? T " Q 9r ° UP WaS US6d - Side funCti0nal 9roups were protected in the ™°wing 
manner. Hydroxyl groups of senne and threonine were protected as O-benzyl ethers, a hydroxyl group of 

tyrosme as a p-bromobenzyloxycarbonyl ester, carboxyl groups of glutamic acid and aspartic acid as benzyl 

esters .midazole nitrogen of histidine with benzyloxymethyl. a side chain amino group of lysine with 2- 

» ^. 0benz ^^^ Quanidine functional group of arginine with a p-toluenesulfonyl group, and 

th P ^1?" ° f the w a , mi ^ W6re condensed on tne resin - the Peeled peptide resin was taken out of 
the synthes.zer and dried. The pept.de resin (1 g) was allowed to react with anhydrous hydrogen fluoride (8 
ml) containing p-cresol (1 m.). 1 .2-ethanedithiol (1 ml) and 2-mercaptopyridine (100 mg) at 0' C for 2 hours 

7TT ° f reaCti0ni hydr ° 9en f ' UOride WaS rem0Ved b * dis,i,lation and the resfdue was washed w th 
d,ethyl ether to remove most of additives. The peptide was extracted with 3% acetic acid (10 ml) and the 

tZ^TJ*™! l ? y < , f : ,tra,i0n - The flltrate Was Puri,ied b * 9 el ,iltra tion using a Sephadex G-25 column. 
Im Z I Z ^ 35 ,0 " 0WS: C ° ,Umn Si2e: 2 8X60 cm : detectin 9 wavelength: 230 or 280 

20 Zo^S t*: a :, c a ; 'r rate: 40 m,/hour - Fractions comainin9 the peptide ™° «**«*» and »«, 

20 lyophilized. The resulting powder sample was further purified by reversed phase high performance liquid 

tEFSEZ T A " 324 ° DS 00X250 mm): eluti "9 so,vent A: 0 ^ trif.uoroace.fc add 

S9.9 /C water; elutmg solvent B: 0.1% trifluoroacetic acid-99.9% acetonitrile; linear gradient elution program- 
Om.nute (90% A ♦ 10% B). 30 minutes (60% A + 40% B) (if necessary another elution program may be 

,5 SSL « T fa H e: J mVm T* deteCtin9 WaVe ' en9th: 230 ° r 280 nm] " Peak ,raction * containing'the 
rZ Th P , T * W6re C0 " eCted> and paSS6d thrOU9h a Bi0 RAD AG,X8 c °'"™ (acetate form. 18x5 
2LIS e h i 8 ,e f was t comb !" ed with the washi "9s. and acetonitrile was removed therefrom by distillation, 

im^on HP C P ^' 2 H ' 0n - t Tf eS thUS ° btained ' the r6SU,t ° f amin ° acids ana, V sis and ^ retention 
Times on HPLC are shown in Table 1. 

In Table 1 , a and b are as follows: 
30 a: The peptides were hydrolyzed in a tube sealed with 6 N hydrochloric acid under reduced pressure, in 

jLZJtT ? % th !f 9,yC0,iC add 31 11 °° C f ° r 24 h0UrS ' and then sub i ected to amino acid analysi 
Theoretical values are designated in parentheses. 

b: Names of compounds(no NH 2 at the terminus means COOHV 

(I) (Leu 18 )hPTH(1-34) 
as (2) (Aib 1 )hPTH(1-34) 

(3) (Phe 11 )hPTH(1-34) 

(4) (D-Trp 12 )hPTH(1-34) 

(5) (Leu 8 )hPTH(1-34)NH 2 

(6) (D-Tyr 12 )hPTH(1-34)NH 2 

(7) (D-Ser 12 )hPTH(1-34)NH 2 

(8) (D-Leu ,2 )hPTH(1-34)NH 2 

(9) (3-(2-naphthyl)-D-Ala ,2 )hPTH(1-34)NH 2 

(10) (Ser 11 )hPTH(1-34)NH 2 

(II) (Phe 11 ,Leu 18 )hPTH(1-34)NH 2 

« (12) (Leu 8 ,Phe",Leu 18 )hPTH(1-34)NH 2 

(13) (Lys 11 )hPTH(1-34)NH2 

(14) (Phe 11 )hPTH(1-34)NH 2 

(1 5) (Arg^JhPTHfl -34)NH 2 

(16) (3-(2-naphthyl)-Ala 11 )hPTH(1-34)NH 2 
50 (ITXHis^JhPTHO^N^ 

(18) (His^JhPTHO^) 

(19) (Gln^JhPTHfl^) 

(20) (Arg 19 - 21 ,2-(1 ,3-dithiolan-2-yl)-Trp 23 )hPTH(1 -34)NH 2 

(21) (Leu 27 )hPTH(1-34) 
55 (22) (Lys 11 )hPTH(1-34) 

^. e t n ti " ie of the peptides °y hi 9" Performance liquid chromatography. Analysis conditions: VISTA 
SnI 9 v?r,T„l iqUid chromatography (Varian) linked to 71 2W autosampler (Waters) was used. 
Column: YMC-303 ODS (4.6x250mm); Eluent: A. 0.1% trifluoroacetic acid-99.9% water B 01% 
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trifluoroacetic acid-99.9% acetonitrile; Eluent concentration gradient program: 0 minute(80% A + 20% B). 
30 minutes(50% A+ 50% B); Flow rate 0.7 ml/minute; detective wave length 280 nm. 

Table 1-1 Amino acid composition of PTH(l-34)analogues (a) 
amino acid peptide (b) — _ : 



to 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 




A s x 


4 00(4) 


4.00(4) 


4.00(4) 


4.00(4) 


4.00(4) 


4.00(4) 




o & T 




1.57(2) 


2.23(3) 


2.45(3) 


2.36(3) 


2.48(3) 


75 


KJ 1 X 




5 30(5) 


4.99(5) 


5.22(5) 


5.24(5) 


5.30(5) 




u i y 


i M ) 

i # UO \ A / 


1 02(1) 


1.04(1) 




1.02(1) 




20 


V a 1 


2.37(3) 


2.77(3) 


2.75(3) 


2.87 (3) 


2.61(3) 


2.79(3) 




Met 


u. yo ^ i y 


1 91(2) 


1.81 (2) 


1.91(2) 


0.93(1) 


1.83(2) 




I 1 e 


0.92(1) 


0,92(1) 


0.89(1) 


1.00(1) 


0.88(1) 


0.95(1) 


25 


Leu 


fi S3 (6) 


5.03(5) 


4.07(4) 


5.07(5) 


6.19(6) 


5.10(5) 




P n e 


i . Ul \ L J 


1 01(1) 


2.02(2) 


1.05(1) 


1.03(1) 


1.02(1) 


30 


L y s 


3.09(3) 


3.04(3) 


3.03(3) 


2.94(3) 


3.07(3) 


3.05(3) 


His 


2.80(3) 


2.88(3) 


2.86(3) 


2,80(3) 


2.80(3) 


2.81(3) 




T r p 


0.90(1) 


1.09(1) 


1.06(1) 


1.90(2) 


0.96(1) 


0.92(1) 


35 


A r g 
A i b 


2.00(2) 


1.97(2) 
1.04(1) 


1.98(2) 


1.99(2) 


2.02(2) 


1.96(2) 


40 


Ty r 
H P L C 


retention 


time 








1.02(1) 




(minutes) 


c 24.2 








24.6 


24.0 



45 



50 



55 
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45 



50 



Table 1-2 Amino acid composition of PTH(l-34)analogues (a) 
amino acid peptide (h) 







(7) 


(8) 


(9) 


(10) 




70 


A s x 


4.00(4) 


4.00(4) 


4.00(4) 


4. 00(4) 


A (\f\ fA\ 




S e r 


3.39(4) 


2.35(2) 


2.45(3) 


3 29(41 


c 9 \) i \oj 




G 1 x 


5.17(5) 


5.08(5) 


5.31 (5) 


5 14 f 5 > 

v. l«t V*J / 




75 


G 1 y 








1 03(H 






V a 1 


2.83(3) 


2.73 (3) 


2.58(3) 


2 55^ 


c 


20 


Met 


1.90(2) 


1.90(2) 


2. 11 (2) 




i . Uo { i ) 




I 1 e 


0.94(1) 


0.85(1) 


0 90 (]) 


u. y i {i ) 


0. 92 (1) 




Leu 


5.04(5) 


5.97(6) 


4.98(5) 


3.92(4) 


4.69(5) 


2b 


P h e 


1.05(1) 


1.00(1) 


1.07(1) 


1.06(1) 


1.70(2) 




L y s 


2 flan') 




2. 81 (3) 


2.81 (3) 


2.57(3) 




H i s 


2.78(3) 


Ol j 




2. 66 (3) 


2.30(3) 


30 


T r p 


1.06(1) 


0.86(1) 


0.89(1) 


0.70(1) 


0.90(1) 




A r g 


2.01(2) 


1.96(2) 


1.88(2) 


1.79(2) 


1.61(2) 


35 


A i b 
T y r 
HPLC 


retention 


time 








40 


(minutes) 


c 21.9 


26.4 


28.1 


20.8 


27.1 



55 
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1-3 Amino acid composition of PTH(l-34)analogues 0 



amino acid 




pel 


>tide (b) 










(12) 


(13) 


(14) 


(15) 


(16) 


(17) 


A s x 


4.00(4) 


4.00(4) 


4.00(4) 


4.00(4) 


4.00(4) 


4.00(4) 


S e r 


2.07(3) 


1.99(2) 


2.51(3) 


2.55(3) 


2.55(3) 


2. 58(3) 


G 1 x 


4.83(5) 


4.71(5) 


4.94(5) 


3.95(4) 


4.98(5) 


5.05(5) 


G 1 y 


1.01(1) 


0.96(1) 


1.01(1) 


1.02(1) 


1.03(1) 


1.04(1) 


V a 1 


2.65(3) 


2.63(3) 


2.73(3) 


1.80(2) 


2.73(3) 


2.75(3) 


Met 




1.66(2) 


2.12(2) 


2.12(2) 


1.90(2) 


1.91(2) 


I 1 e 


0.81(1) 


0.67(1) 


0.84(1) 


0.86(1) 


0.86(1) 


0.91(1) 


Leu 


5.97(6) 


3. 92 (4) 


4.08(4) 


5.08(5) 


4. 07(4) 


c no f O 


P h e 


1.99(2) 


1.06(1) 


2.04(2) 


1.04(1) 


1. 03 U ; 




L y s 


2.92(3) 


3.76(4) 


2.96(3) 


2.88(3) 


3. 03(3; 




H i s 


2.53(3) 


2.45(3) 


2.69(3) 


2.68(3) 


3.09(3) 


4.07 (4) 


T r p 


0.65(1) 


0.79(1) 


0.87(1) 


0.86(1) 


0.92(1) 


0.91(1) 


A r g 


1.93(2) 


2.21(2) 


1.94(2) 


3.84(4) 


1.96(2) 


1.91(2) 


A i b 














T y r 














HP LC 


rr* 


time 












.. <:8.4 


20.8 


28.1 


26.6 


24.8 


23.4 
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Table 1-4 Amino acid composition of PTH(l-34)analogues (a) 





amino acid 


peptide ( h "» 








(18) 


(19) 


(20) 


(21) 


/ ft « \ 

(22) 


70 


A s x 


4.00(4) 


4.00(4) 


4.00(4) 


4.00(4) 


4. 00 (4) 




S e r 


2.58(3) 


2.72(3) 


2.51(3) 


2.99(3) 


2.49(3) 




G I x 


5.07(5) 


6.27(6) 


3.92(4) 


4.90(5) 


5.04(5) 


75 


G 1 y 


1.04(1) 


1.00(1) 


0.99(1) 


1.31(1) 


1.08(1) 




V a 1 


2.76(3) 


2.76(3) 


1.78(2) 


2.77 (3) 


2.78(3) 


20 


Met 


1.91(2) 


1.91(2) 


2.03(2) 


1.82(2) 


2. 12(2) 




I 1 e 


0.89(1) 


0.90(1) 


0.87(1) 


0.91(1) 


0.91(1) 




Leu 


5. 11 (5) 


5.05(5) 


5.04(5) 


5 90(6) 


3.96(4) 


25 


P h e 


1.02(1) 


0.96(1) 


1.04(1) 


1 00(1) 


1.01(1) 




L y s 


3.02(3) 


1.91(2) 


2.79(3) 


1.87(2) 


3.86(3) 


30 


H i s 


3.64 (4) 


2.66(3) 


2.64(3) 


2.79(3) 


2.74(3) 




T r p 


0.95(1) 


0.84(1) 


0.84(1) 


0.79(1) 


0.85(1) 




A r g 


0.98(1) 


1.86(2) 


3.83(4) 


1.91(2) 


1.90(2) 


35 


A i b 














T y r 














H P L C 


retention time 








40 


(minutes) 


c 24.8 


26.0 


28.2 


' 29.2 


23.6 
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Example 2 Synthesis and purification of (Arg 1 ^ ,2-(1 ,3-dithiolane-2-yl)Trp*3)hPTH(1 -34)NH 2 



hvHr 5 nn° P „ m f? 0 [P e ^ 6e J es]n ^"^sizing <Arg^>PTH(1-34)NH 2 was allowed to react with anhydrous 
hydrogen fluor.de (5 ml) containing p-cresol (620 ul) and ethanedithiol(620 ul) at O'C for 2 hours After 

22^1?^^ iS f ati ° n ' r6SidUe ^ WaSh6d W ' th di6thy ' ether containing 01% 2- 
50 mlT^ri thl « 9 , P u r ° dUCt WaS dri6d and the peptide was extracted w ith trifluoroaceWc acid (5 

seL^i J I T r S ^ i * filtratl '° n - Rher was added t0 the ,iltrate and »• resulting precipitate was 
TSdL r^Z 6ther - 280 m9 ° f the Cmde Peptide was obtai "° d - The peptide was 

1^^^ X Performance liquid chromatography. The conditions of the chromatography 

water E It B ^"T"' 7 °° S (1 ° X25 ° mm): E,uent A ' trifluoroacetic acid - 99 9-/! 

65 ZZ'^vnol ?' 11 tf 'l uoroacet,c acid * 99 9% acetonitrile; Eluent concentration gradient program 0 
tic : 7 n° % . 8 ' 40 r Ut6S (55% A + 45% B )' flow »** 1* rnl/minute. Two .arge pTaks 
~ ! Jn mmUteS 3nd 18 2 minutes) were observed in »e chromatography. The former peak 

was Z" ,me h 1 | 7 0 H minutes ) was covered and changed to acetate by an ion-exchnage resin. The acetate 
was then lyoph.hzed to obtain 4.9 mg of (Arg^>PTH(l-34)NH 2 . After hydrolysis. L resulting prod^ 
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shows the correct amino acid composition in the amino acid analysis. The ultraviolet absorption ol the 
oroduct shows a specific curve characteristic of a peptide comprising tryptophan. 

P 6 9 nuTS compound was obtained from the latter peak. Amino acid ana.ysis of the compound after 
acid hvdTolvsi showed the correct composition, but amino acid analysis after trypsin-amino peptidase M 

■ ZSoX^Z 0.28 residue of tryptophan and the glutamic acid was detected 0.65 residuj Hess t an 
the theoretical value. Ultraviolet absorption curve for the digested compound showed a peak of 289 nm and 
fvaty o 255 nm. As a result, tryptophan side chain of the compound is deduced to be moJJd-T* 
LZino orocess showed that 1 ,3-dithiolan linked to the C2 carbon of the side chain indole of tryptophan 
A compound (4mg) obtained from the peak at a retention time 18.2 minutes in the ^above high 

, 0 oerformance liquid chromatography was dissolved into 60mM sodium hydrogen carbonate pH8.0(2.6ml)^ 
TPCKSTn( 60 ug)was added to the solution and reacted for 24 hours at 37' C, and then was mactiva ed 
ly h^ fo 6 myites at 100 ' C. Aminopeptidese-M (0.5mg) was added to the «*2 f 2'S B ?S?r 
to dH7 and incubated at 37 'C for 24 hours and then the enzyme(0.5 mg) was further added thereto After 
an additiona 48 hour period, the buffer (10 ml) and the enzyme (1 mg) were added thereto and reacted for 

, 5 70 hou s The LuLg product was subjected to reverse phase high performance liquid chromatography to 

, 5 70 i nours - ine .^H tLnnhan Column YMC D-ODS-5 S5 120A (20X250m); the same eluent; Eluent 
program ^ JS^Z^ZZ <65 % A + 35 % B); How rate. 5m,minute : detected at 280 nm 
T °e isolate T compound showed a maximum ultraviolet absorption at 289nm. Ammo acid analysis after 
hvlofyTwith 6N HC. containing 4% thioglycolic acid showed triptophan. When the product was subjected 

20 to h?gh eso ln FAB-mass spectrum (Ninon Denshi. Japan; AX-505W TYPE double convergence mas 
««L*nm«tPrt a neak at 309 0734(M + H ) as observed and a molecular formula C^H^NzOz S 2 was 
Sduced further a'bout 30 ng oHhe compound was subjected to 1 H-MNR(Nihon Denshin^N M -GX400). 

/?M^nTr o CH a = 4 06 (1H dd like), /3-CH 2 3.54(1 H, dd), .3.30(1 H, dd); 1-NH 10.88 (1H); 5-CH 7.50 
(1H d) « S ! 7.30 ?iH!t OH ™"*> (1H t like); 8-CH 7.68 dH. d); dlthio-an 2CH 6,4 (1H. S); dithio.an 

" ^^dST^ 

23th position. 

Example 3 Assay of Biological Activity of PTH (1-34) Analogues 

30 The biological activity of the peptide analogues was evaluated by a * ^"S^ 

reoorted by Shigeno et al. in The Journal of Biological Chemistry 263. 18369-18377 (1988)^ A culture 
oCn (Hank's solution, containing 20 mM N-2-hydroxyethy.piperazine-N.2-et anesul fonic aad UHEPES^ 

m-/ bovine serum albumin and 0.5 mM isobutylmethyl-xanthine) containing 0.01. 0.1. 1. 10 or 100 dm 
35 anaLue was added n an amount of 100 ul to a mouse crania, bone-derived osteob.ast-Uke cel. strain. 

MC3T3-E. cells cul'vLd on a 96-we.l multip.ate (Nunclon, Nunc), followed by reaction at room tempera- 

S 30 mtuto^After addition of 100 ul of 0.2 N hydrochloric acid the 

water for 2 5 minutes, and cyclic adenosine monophosphate (cAMP) produced by a PTH recepte * was 
exacted from the cells. The total cAMP in the culture solution and the cells was assayed using a 
<o SS^r-.o.nnninoa-.y kit (cyclic AMP [«,] kit "Du Pont-Daiichi^ Dane * 

increase in cAMP production depending on the concentrat.on of the human PTH (1-34) added as a stanoa a 
was observed Mr, each case. The biological activity of the PTH (1-34) peptide analogines -s shown in Table 
2. 
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Table 2 



Biological Activity of PTHQ-34) Partial Peptides (Represented by Relative Activity to hPTH(l-34)) 



hPTH(1-34) 
[Leu 18 ]hPTH(1-34) 
[Aib 1 ]hPTH(1-34) 
IPhe 11 ]hPTH(1-34) 
[Leu 8 ]hPTH(1-34)NH 2 
[D-Ser 12 ]hPTH(1-34)NH 2 
[D-Leu 12 ]hPTH(1-34)NH 2 

{3-(2-naphthyl)-D-AIa 12 ]hPTH(1-34)NH 2 

[Ser 11 ]hPTH(1-34)NH 2 

[Leu 8 , Phe 11 , Leu 18 ]hPTH(1-34)NH 2 

[Lys 11 ]hPTH(1-34)NH 2 

[Phe 11 ]hPTH(1-34)NH 2 

[Arg 19 « 21 ]hPTH(1-34)NH 2 

[3-(2-naphthyl)-Ala 11 ]hPTH(1-34)NH 2 

(His 26 ]hPTH(1-34)NH 2 

[His 25 ]hPTH(1-34) 

[Gln 27 ]hPTH(1-34) 

IArg i9^i 2 . (1 ,3-ditiolan-2-yl)-Trp 2 3]hPTH(1 -34)NH 2 
[Leu^jhPTHO^) 
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Sequence Listing 

SEQ ID NO: 1 
SEQUENCE LENGTH: 34 
SEQUENCE TYPE: amino acid 
TOPOLOGY: Linear 
70 MOLECULE TYPE: Peptide 

FEATURE: Partial Peptide 
SEQUENCE DESCRIPTION: 
Ser Val Ser Glu He Gin Leu Met His Asn Leu Gly Lys His Leu Asn 

1 5 10 15 

Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val His 
20 25 30 

Asn Phe 



75 



20 



25 



30 



SEQ ID N0:2 
SEQUENCE LENGTH: 34 
SEQUENCE TYPE: amino acid 
TOPOLOGY: Linear 
MOLECULE TYPE: Peptide 
FEATURE: 
35 LOCATION: 1 

OTHER INFORMATION:Xaa= Ser or Aib, 

LOCATIONS 

40 OTHER INFORMATIONS Met or naturally occurring hydrophobic amino acid 

LOCATION: 11 

OTHER INFORMATION: Xaa= Leu, Ser, Lys or aromatic amino acid 

45 

LOCATION: 12 

OTHER INFORMAT ION : Xaa= Gly or D-amino acid 

50 



55 
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10 



75 



20 



4S 



LOCATION: 13 

OTHER INFORMATION: Xaa= Lys or Leu 
LOCATION: 18 

OTHER INFORMATION: Xaa = Met or naturally occurring hydrophobic amino acid 
LOCATION: 19 

OTHER INFORMATION:Xaa= Glu or basic amino acid 
LOCATION: 21 

OTHER INFORMATION: Xaa= Val or basic amino acid 
LOCATION: 23 

OTHER INFORMAT I ON : Xaa= Trp or 2-(l,3-ditionlan-2-yl) Trp 
LOCATION: 25 

OTHER INFORMATION: Xaa= Arg or His 
LOCATION: 26 
OTHER INFORMATION: Xaa= Lys or His 
LOCATION: 27 

30 OTHER INFORMATION: Xaa= Lys , Gin or Leu 

LOCATION: 34 

OTHER INFORMATION: Xaa= Phe or Phe-NH, 
SEQUENCE DESCRIPTION: 
Xaa Val Ser Glu He Gin Leu Xaa His Asn Xaa Xaa Xaa His Leu Asn 

1 5 10 15 

Ser Xaa Xaa Arg Xaa Glu Xaa Leu Xaa Xaa Xaa Leu Gin Asp Val 
20 25 30 

His Asn Xaa 
34 



25 



35 



40 



so Claims 

1. A peptide or salts thereof represented by the formula 



ss 
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His-Leu-Asn-Ser-R 6 -R7 »** » 
L eu-Gln-Asp-Val-His-Asn-R l3 

herein Ri represents Ser or ^ ^^ n0 acid; R* «^ amino ado; * 

p represents Leo. Ser. Lys or an a naUjra „ y occurring nya w fp or 2 . 

Tepesents Lys or Leu; Re represent ^^y^ v ^ ^^J^^ t ^ 

Val. Phe or Trp. ^ ^ naphthyl A la. Trp or Tyr. 

1 

• ^-.h a neutral amino acid. 
I The p^. - — ' ~* ' °-°- 8m ' n0 aC ' d "" „ se , D . uu . D . na p«„ «, 0-T.P. D~. 

or D-Tyr. L s Asn 0 r His. 

Met for Rs, Glu lor R 7 . Val lor Hs, , Phe inhPTH(1-34). (D-Trp l2 V 

hPTH(V34)NH 2 , U-eu jur 
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